Ecological momentary assessment was used to examine immediate changes in 87 college students' smoking-related attitudes, beliefs, and intentions as a joint function of their exposure to antismoking media and smoking status. Students (37 never smokers, 41 experimental smokers, and 9 current intermittent smokers) carried handheld data-collection devices for 3 weeks to record naturally occurring exposures to antismoking media and respond to investigator-initiated control prompts. At each reported exposure to antismoking media and each control prompt, participants reported their smoking-related attitudes, perceptions of the prevalence of smoking among their peers, resistance self-efficacy, and intentions to smoke. Mixed-effects regression was used to compare responses between encounters with antismoking media and control prompts. Experimental smokers reported weaker intentions to smoke and greater resistance self-efficacy at moments of exposure to antismoking media than at control prompts. Regardless of smoking experience, participants reported higher perceived prevalence of smoking at times of exposure to antismoking media than at control prompts. These findings generally support the value of antismoking media messages for shifting the beliefs and intentions of experimental smokers, who are at high risk for becoming committed regular smokers.
Antismoking media campaigns have been shown to increase population-level quit attempts among adults (Durkin, Brennan, & Wakefield, 2012) , to reduce smoking initiation among adolescents (National Cancer Institute, 2008) , and to reduce smoking risk and prevalence among young adults and college students Murphy-Hoefer et al., 2005) . Such campaigns are thought to exert their influence by engaging attitudes and beliefs that bear on individuals' decisions to smoke, including perceived norms, self-efficacy beliefs, and beliefs about the benefits and harms of smoking (Agostinelli & Grube, 2003; Cappella, Fishbein, Hornik, Ahern, & Sayeed, 2001; Cohen, Shumate, & Gold, 2007; Fishbein & Yzer, 2003) . Experimental studies in which participants are exposed to antismoking advertisements in controlled laboratory settings have shown that such exposure does, in fact, impact individuals' tobacco-related beliefs and intentions in a way that diminishes their risk for future smoking (Goldman & Glantz, 1998; Pechmann & Ratneshwar, 1994; Pechmann & Shih, 1999) . Experimental designs are valuable because they allow strong causal inferences to be drawn about the relationship between exposure and change in tobacco-related beliefs and intentions. However, experimental studies are limited in terms of their ecological validity. Thus, there is a need for research that uses ecologically valid designs to investigate how exposure to antismoking media acutely affects the assumed mediators of the association between exposure and behavior.
Ecological momentary assessment (EMA) has proven to be a useful method for investigating near-term shifts in attitudes and beliefs that are associated with exposure to media (Martino et al., 2016; . In the typical EMA study of media effects, individuals use handheld devices such as smartphones to record each of their exposures with relevant media content over the course of several days or weeks. Measurements of attitudes and beliefs taken at each reported exposure and at random moments can then be compared to estimate exposure-related shifts in these attitudes and beliefs (Shiffman, Stone, & Hufford, 2008) . This type of assessment is particularly useful for minimizing recall bias and for studying how individuals react to environmental stimuli that are infrequently encountered and difficult to model in an ecologically valid way in the laboratory (Shiffman, 2009; Stone & Shiffman, 1994) . Prior studies have used EMA to investigate the near-term effects of exposure to prosmoking media on young people's risk for smoking Shadel et al., 2012) . In addition, a small study of 33 Australian adult smokers (who smoked Ն10 cigarettes per day) used EMA to test whether participants' perceptions of smoking-related risk, self-efficacy, and intentions to quit would shift immediately after seeing a health warning on a plain cigarette package (N. Schüz, Eid, Schüz, & Ferguson, 2016) . Although this study found no immediate changes in participants' cognitions following exposure to health warnings, it is unclear whether similar results would be obtained for a broader set of antitobacco media; for younger, less committed smokers; or in a different tobacco control environment.
In the current study, college students living in a medium-sized city in the United States carried a handheld data-collection device for 3 weeks to record all of their exposures to antismoking media as they occurred in their natural environments. College students were the focus of this study because their smoking behaviors are highly fluid and they might, therefore, be particularly responsive to the messages contained in smoking-related media (Wetter et al., 2004) . At each exposure and at random prompts issued daily, students answered questions about their attitudes toward smoking, perceptions of the prevalence of smoking among their peers, confidence in their ability to resist smoking in tempting situations (self-efficacy beliefs), and intentions to smoke in the future.
We were particularly interested in whether experience with smoking would moderate any associations between exposure to antismoking media and students' beliefs and intentions regarding smoking. Previous research suggests that messages aimed at discouraging risk behaviors may backfire if they induce defensive processes that affect how the message is processed cognitively and emotionally (Agostinelli & Miller, 1994; Agostinelli, Sherman, Presson, & Chain, 1992; Kunda, 1990; Gerrard, Gibbons, Benthin, & Hessling, 1996; LaVoie, Quick, Riles, & Lambert, 2017; Millar & Millar, 1996; Rhodes, Roskos-Ewoldsen, Edison, & Bradford, 2008; Schüz & Ferguson, 2015) . For example, recent experimental studies of adult smokers' processing of antitobacco advertising have shown that the presence of strongly aversive message content (e.g., content evoking fear and disgust) can lead to defensive message processing (e.g., reduced encoding of the message; Clayton, Leshner, Bolls, & Thorson, 2017; Leshner, Bolls, & Wise, 2011) . It is possible, however, that these defensive processes are less likely to be engaged in people for whom the messages are less emotionally evocative, including nonsmokers for whom the messages are less relevant (Agostinelli & Grube, 2003) and experimental smokers for whom the decision to smoke is more controllable (Leshner et al., 2011; Witte, 1992) . Thus, although we expected that exposure to antismoking media would be associated with acute shifts in students' smoking-related attitudes, beliefs, and intentions, we also expected that these associations might depend on the students' experience with smoking. In particular, we expected that such shifts would be most likely among experimental smokers, for whom antismoking media messages are relevant, but less likely to result in defensive processing.
Method Participants
Data for this investigation were collected for a larger study of undergraduate college students' reactions to tobacco-related messages in the media encountered during the course of regular daily activities over a period of 3 weeks. Participants in the larger study were 135 students, aged 18 -24 years (M ϭ 21.0, SD ϭ 1.6), who were recruited through newspaper advertisements around the city of Pittsburgh, as described elsewhere Shadel et al., 2012) . Women comprised 62% of participants, 66% were White, 24% were African American, 5% were Asian or Pacific Islander, and 5% were some other race or multiracial. Of the participants, 39% (n ϭ 52) were never smokers (not even a puff), 52% (n ϭ 70) were experimental smokers (tried smoking, but had not smoked in the past month), and 10% (n ϭ 13) were current intermittent smokers (smoked in the past month, but not every day). Current intermittent smokers smoked an average of 6 days in the past month (SD ϭ 4.4).
Previous reports of data from this sample focused exclusively on exposure to prosmoking media messages and involved the entire sample Setodji et al., 2013; Setodji, Martino, Scharf, & Shadel, 2014; Shadel et al., 2012; . Analyses for the current study focused on the subset of participants (n ϭ 87; 37 never smokers, 41 experimental smokers, and 9 current intermittent smokers) who reported any exposure to antismoking media messages during the 3-week period of observation. We compared this subset of participants with the subset (n ϭ 48) who reported no exposure to antismoking media messages on demographic characteristics and smoking status. This comparison showed that those who reported any exposure to antismoking media messages were more likely to be women (72% vs. 47%, p ϭ .003) and more likely to be non-White (43% vs. 21%, p ϭ .01).
Procedure
The study was approved by the Human Subjects Protection Committee at RAND (Pittsburgh, PA). Data collection occurred between June 2010 and January 2011. At a baseline session, participants provided written informed consent to participate in the study, completed a demographic and smoking-history survey, and were trained to use a handheld data collection device (i.e., a Palm device; Palm, Inc., Sunnyvale, CA) to record information about their exposure to tobacco-related messages in the media. Training consisted of a detailed, 60-min oral presentation accompanied by slides. Each participant was given a Palm Treo 755p at the start of the training so that they could practice data entry. Participants were instructed to turn the device on when they woke up in the morning and off at night when they went to sleep, carry the device with them at all times, initiate data entry each time they encountered tobacco-related media, and respond to random prompts when issued by the device (see below).
Participants carried the Palm devices with them for 21 consecutive days, recording each encounter with pro-and antismoking media as it occurred during the course of their regular daily activities. Details about the prosmoking media portion of the assessment are available elsewhere . Each time a participant reported an exposure to antismoking media (defined for participants as a print ad, TV commercial, or poster that discouraged cigarette smoking), the participant was asked to indicate (via a pulldown menu) where he or she had encountered the message (response options: in a convenience store, outside or inside a store/gas station, on the window of a store/gas station, inside a grocery store, at a tobacco store; on TV, in a movie, a magazine, a bar/restaurant; on the Internet, a billboard, a direct mail/coupon, the radio, or at a sponsored event) and answer a brief set of questions about their smokingrelated beliefs and intentions (see below). Participants similarly This document is copyrighted by the American Psychological Association or one of its allied publishers.
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reported their smoking-related beliefs and intentions in response to control prompts that occurred randomly three times a day. The control-prompt reports provided an assessment of students' attitudes, beliefs and intentions at times when they were not exposed to antismoking media, which allowed for a comparison of students' attitudes, beliefs, and intentions at times of exposure to antismoking media versus times of nonexposure. Participants were paid $8 for each day of EMA assessment ($168 total), and $10 each for the baseline and an end-of-study visit. They were paid an additional $2/day if they responded to all random control prompts on that day within 2 min of the prompt. Thus, participants could be paid $230 if they completed all aspects of the study and adhered closely to the study protocol.
Measures
At each exposure to antismoking media and at each random prompt, participants completed the following measures:
Attitude toward smoking. Participants indicated their attitudes toward smoking by completing a series of bipolar response scales: very bad (1)-very good (10), very dirty (1)-very clean (10), and very awful (1)-very nice (10; Stacy, Bentler, & Flay, 1994) . We calculated a participant's mean response to these three scales (␣ ϭ .93) to create our measure of attitude toward smoking.
Perceived prevalence of smoking. To assess descriptive norms related to smoking, we asked participants the following question: "Out of every 10 people your age, how many do you think smoke?" This question was answered on a continuous 0 -10 scale, with higher numbers indicating greater perceived prevalence of smoking.
Resistance self-efficacy. Participants indicated their confidence in their ability to resist smoking in the following situations: (a) your best friend is smoking, (b) your date is smoking, (c) you are bored at a party, and (d) all your friends at a party are smoking. Ratings were made on a scale ranging from 1 (not very confident) to 10 (very confident; Tucker, Ellickson, & Klein, 2002) . These four ratings were averaged to create a measure of resistance self-efficacy (␣ ϭ .97).
Intention to smoke. Participants indicated their intention to smoke by completing a three-item scale adapted from Choi, Gilpin, Farkas, and Pierce (2001): "Do you think you will try a cigarette anytime soon?" "Do you think you will smoke a cigarette anytime in the next year?" and "If one of your best friends offered you a cigarette, would you smoke it?" Responses were made on a 1 (definitely not) to 10 (definitely yes) scale and averaged to create a measure of intention to smoke (␣ ϭ .89).
Statistical Analysis
We used mixed-effects regression models (MRMs) for continuous outcomes to compare smoking-related beliefs and intentions between moments of exposure to antismoking media messages (event reports) and random prompts (control reports). Models account for clustering of observations within an individual and allow for an unequal number of observations across participants and unequal spacing of observations in time. We ran separate MRMs predicting (a) attitudes toward smoking, (b) perceived prevalence of smoking, (c) resistance self-efficacy, and (d) intention to smoke.
Formally, the MRM for attitude, belief, or intention y of participant i (i ϭ 1 . . ., N participants) at assessment j ( j ϭ 1, . . . , n i assessments) is specified as follows: y ij ϭ i ϩ event ij ϩ ␤=x ij ϩ ε ij , where event ij is a variable representing the type of assessment (1 ϭ event report, 0 ϭ random prompt), is the average change in attitude, belief, or intention as a function of exposure to an antismoking media message (i.e., the fixed effect for exposure), and i is a participant-specific, normally distributed random effect, which allows each participant to have a distinct average level of attitude, belief, or intention and captures clustering of reports by participant. X ij is a vector of covariates and ␤ is the corresponding vector of fixed effects for the covariates. The vector of covariates included gender, race (parameterized as White vs. non-White), smoking status (experimental or current intermittent smoker vs. never smoker), whether the assessment occurred on a weekend or weekday, and the total number of antismoking media exposures reported by the participant; the covariate vector also included a pair of interaction terms to evaluate differences in the effects of exposure by smoking status; and ε ij is a normally distributed error term representing the part of y ij that cannot be predicted by the model's explanatory variables.
Results
The 87 participants included in our analysis reported a total of 281 antismoking media exposures over the 3-week period of assessment, for an average of 1.1 weekly exposures per participant. Exposure rates did not differ by smoking status, p ϭ .84. The vast majority (72%) of exposures came through broadcast media (i.e., radio or TV); outdoor signs (e.g., posters and billboards), digital media, and print media each accounted for 10% or less of all exposures. Most exposures occurred during the afternoon (38% of all exposures) or evening (41%). The remainder occurred in the morning (16%) or late at night (5%). For each channel of exposure to antismoking media, Figure 1 shows the percentage of exposures occurring at different times of day (late night, morning, afternoon, and evening). A 2 test of exposure channel by time of day revealed that, whereas exposure to antismoking messages in broadcast media was most likely to occur during the evening, exposure to antismoking messages in outdoor, print, and digital media was most likely to occur during the afternoon, 2 (12) ϭ 35.40, p Ͻ .001. Finally, participants reported approximately twice the number of exposures to antismoking media on weekend days (Friday-Sunday) versus weekdays (Monday-Thursday, Ms ϭ 0.20 per day and 0.10 per day, respectively, p Ͻ .001).
Participants responded to a total of 4,361 random prompts during the monitoring period, or 80% of the total number of random prompts delivered to the devices. This rate of compliance compares favorably with those found in other EMA studies of college students (e.g., Piasecki, Richardson, & Smith, 2007) . Table 1 presents the results of the MRMs. There were significant moderating effects of smoking status on the associations between antismoking media exposure and resistance selfefficacy and antismoking media exposure and intentions to smoke. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Whereas never smokers' and current intermittent smokers' resistance self-efficacy and intentions to smoke did not differ between moments of exposure to antismoking media and random prompts (ps Ͼ .46), experimental smokers reported significantly weaker intentions to smoke and greater resistance self-efficacy at moments of exposure to antismoking media than at random prompts (both ps Ͻ .05). Participants reported greater perceived prevalence of smoking at times of exposure to antismoking media than at randomly sampled moments (p ϭ .007), an association that did not depend on smoking status. Finally, attitudes toward smoking were unaffected by exposure to antismoking media (p ϭ .59).
Discussion
We used EMA in our study to investigate college students' exposure to antismoking media, examine associated acute changes in smoking-related beliefs and intentions, and evaluated the moderating influence of smoking experience on the association between exposure and beliefs and intentions. Among students who reported any exposure to antismoking media over the 3-week course of the study, the observed rate of exposure was a little more than one antismoking message per week, which translates to approximately one exposure every 10 days across the entire sample, including those who reported no exposure to antismoking media messages (about a quarter of the number of exposures to prosmoking messages that these students encounter weekly; Shadel et al., 2012) . In our previous research, we examined shifts in intentions to smoke in response to prosmoking media and found shifts that are comparable in magnitude-but opposite in direction of the ones found in this study. These effects were observed among students with and without smoking experience. Depending on how long the effects of exposure to antismoking media persist, additional antismoking messaging may be needed to counteract the prosmoking messages that youth encounter.
Prominent health-communication theories identify attitudes, social norms, efficacy beliefs, and intentions as key mediators between exposure to health-related messages and behavior (Agostinelli & Grube, 2003; Fishbein & Yzer, 2003) . Among experimental smokers, we observed shifts in efficacy beliefs and intentions to smoke that are consistent with the idea that exposure to antismoking messages exert a protective effect on this at-risk group of youth. That we only observed these shifts among experimental smokers suggests that college-aged youth who have never smoked have already formed convictions against smoking that render antismoking media messages irrelevant to their beliefs and intentions regarding smoking. Alternatively, it may be that never smokers were exposed to less effective messages than were experimental smokers. This finding may also support the notion that current smokers process antismoking messages defensively, either because the messages are too aversive or threatening, or to avoid negative selfimplications or guilt (Agostinelli & Grube, 2003; Agostinelli et al., 1992; Chassin, Presson, Sherman, Corty, & Olshavsky, 1984; Clayton et al., 2017; LaVoie et al., 2017; Pierce et al., 1998) ; however, the small number of current (intermittent) smokers included in this study means that we were underpowered to detect differences between this group and never smokers in their reactions to antismoking media (if such differences exist).
Our finding that exposure to antismoking media messages was associated with increased estimates of the prevalence of smoking is consistent with prior theory and research suggesting that messages aimed at discouraging smoking and other risky behaviors may, in fact, create the impression that such behav- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
iors are normative (Cialdini, 2003; Nan & Zhao, 2016) . For example, an evaluation of the National Youth Anti-Drug Media Campaign found that greater exposure to the campaign's antidrug messages was associated with weaker perceived social norms against marijuana use (Hornik, Jacobsohn, Orwin, Piesse, & Kalton, 2008) . Such a "boomerang effect" is worrisome, given that normative beliefs are known to play a critical role in young people's decisions about smoking and other risky behaviors (Agostinelli & Grube, 2003; Chassin, Presson, Sherman, Montello, & McGrew, 1986; Cohen et al., 2007) , so much so that denormalization of smoking has been used as the central theme of some tobacco-control initiatives.
In this study, participants were not asked to report the types of antismoking messages to which they were exposed. Thus, we were unable to investigate which messages (e.g., the truth campaign (Richardson, Green, Xiao, Sokol, & Vallone, 2010) or the Tips from Former Smokers campaign [McAfee, Davis, Alexander, Pechacek, & Bunnell, 2013] ) were the strongest drivers of the observed results. Different messages could correspond to changes in different assumed mediators of the association between exposure to antismoking messages and smoking (Agostinelli & Grube, 2003) . It is also possible that different messages could have countervailing effects, as some antismoking messages have been found to incentivize rather than discourage smoking (e.g., see Clayton et al., 2017) . Future EMA researchers of antismoking media should collect data on message content, as that information could be used to inform the design of future antismoking campaigns. Such data would also allow for a more detailed analysis of defensive processing of threatening messages and could contribute to existing knowledge about the features of antismoking messages that yield the greatest amount of persuasion (Clayton et al., 2017; Kang, Cappella, Strasser, & Lerman, 2009; Lee, Cappella, Lerman, & Strasser, 2013; Leshner, Bolls, & Thomas, 2009 ).
Other limitations of this research should also be considered. First, participants were students enrolled in colleges in a metropolitan area, thus the results of this study may not generalize broadly. Similarly aged youth who are in other circumstances and live in other areas may have different levels of exposure to antismoking media messages and may respond to those messages differently. Second, data for this study were collected in 2010 -2011; since then, the prevalence of smoking among youth aged 18 -25 has dropped by approximately 20% (Center for Behavioral Health Statistics & Quality, 2016) . Thus the characteristics of never, experimental, and current intermittent smokers may have changed since our data collection, which might affect the generalizability of our results. Third, although EMA has a distinct advantage over asking broad-based questions about exposure to tobacco-related messages in the media, EMA is only able to capture exposure to messages that capture youth's attention. However, as attention is thought to be a prerequisite for the influence of tobacco countermarketing (Agostinelli & Grube, 2003) , this methodological shortcoming is unlikely to bear on our estimates of the association between exposure to antismoking media and young people's beliefs and intentions. Fourth, although we observed a high level of compliance with the study protocol, it is possible that not every encounter with antismoking media was recorded. Thus, our estimates of exposure rates may be slight underestimates. Fifth, although previous EMA studies have typically not demonstrated reactivity (Barta, Tennen, & Litt, 2012) , carrying the devices and making frequent recordings may have altered participants' perceptions and appraisals of the antismoking messages that they encountered. Sixth, since our study was conducted, there are likely to have been shifts in the content of antismoking messages and the media in which they appear. If that is the case, the effects of these newer messages and the mix of media in which they appear may not match what is reported here. Finally, this research is limited to examining exposure-related shifts in immediate smoking-related beliefs and intentions. Future researchers should examine the implications of these shifts for actual smoking behavior.
These limitations notwithstanding, our study provides important information about college students' exposure to antismoking media and the extent to which such exposure is associated with near-term changes in their smoking-related beliefs and behaviors. Our findings support the value of antismoking messaging in general for shifting the beliefs of experimental smokers, an important group at high risk for becoming committed regular smokers. Although some of the shifts that we observed are in line with the objectives of countermarketing efforts, this was not the case for perceived norms regarding smoking, which suggests that messages aiming to discourage smoking should take care to convey the notion that most people do not smoke and do not condone smoking (Stevens, 1998) .
